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MEETING HELD AT THE CALEDONIAN STATION HOTEL,

EDINBURGH, ON FRIDAY, DECEMBER 20th, 1907.

Mr A. Gordon Salamox (President of the Institute) in the Chair.

In the course of his opening remarks, the President called the

attention of the Members to the benefits which were to he derived

from a visit to the Annual Brewers' Exhibition at Berlin, and he

expressed the hope that next year a large contingent from this

country might bo able to pay a visit there. lie then mentioned that

the Annual Banquet of the Institute would take place in Manchester,

and added that he hoped that the Scottish Section would aid in

bringing the Members of the Institute into closer acquaintanceship

by sending to the banquet as large a number of their own Members

as possible.

The following paper was then read by Mr. John S. Ford:—
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Contributions to the Bio-chemistry of Barley.

By John Simpson Ford and John Monteath Guthme.

Part I.—The Amykase of Resting Barley.

WllKN an aqueous extract of resting barley is tested as rogards

"diastatic power," it is in general found to exhibit considerable

amylolytic activity. It was shown, however, by Lintner and Eckhard

(./. pr. Chem., 1889, 2, 41, 91) that the enzyme of resting barley

differed from that of the germinated grain in its temperature of

optimum activity, etc. Brown and .Morris, in their important memoir,

"On the Germination of the Graminea)" (J. Chem. Sot., 1890, 58,

458), make reference to the amylase of resting barley, which they

designate " translocation diastase," this they evidently regard as

merely a nioro feeble variety of the " secretion" enzyme of ger

minated grain, producing similar hydrolytic products, though differing

in its mode of attack on the starch granule. This view is more fully

evidenced in a later paper by these authors, " On the Chemistry of

Foliage Leaves" (J. Cliem. Soc., 1893, 63, G04), in which many of the

comparative experiments recorded were made with malt diastases. It

is clear also they arc of opinion that the translocation amylasc, which

they term an " unused residue," plays no important part during ger

mination, tho largo increase of saccharifying power obsorvod during

growth being considered as entirely due to the secretion of a " more

active " amylase by the glandular epithelium of the scutellum. Since

the publication of this paper, it has been pointed out by J. L. Bilker

(J. Chem. Soc., 1902, 81, 1177) that tho products of the hydrolysis of

starch by alcohol precipitated preparations of barley enzymes, are not

the same as those produced by the action of the ferments in extracts

of tho germinated grain.

We do not propose in this part of our communication to discuss the

enzymes of germinated barley, our object being to publish now certain

observations regarding the amylolytic enzyme or enzymes of resting

lwirley.

It has been shown by one of us (/. Chem. Soc., 1904, 85, 980) that

barley amylaso conforms to Kjeldahl's " law of proportionality," tho

velocity curve of the action in presence of excess of starch being
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approximately linear until the reducing power of the mixed products

corresponds to about R. 35. It is therefore possible, using certain

precautions, to determine the relative activities of solutions of trans-

location amylase with considerable accuracy. Concordant values of

" diastatic power " are obtained when finely-ground barley is extracted

with water under fixed conditions of dilution, time, and temperature.

We shall have occasion hereafter to refer frequently to the amylolytic

activity of aqueous oxtracts of barleys. These were obtained by

extracting with constant agitation 20 grams of the finely-ground

barley with £ litre of water for one hour at 18°,* and filtering without

delay. The determinations of the amylolytic activity were made by

the method fully described by us in a paper on "Malt Analysis"

(this Journal, 1905, 12, 206). The results arc oxpressedas grams of

maltoset produced by the filtered extract of 1 gram of the barley

(or part of the grain) acting on excess of soluble starch for one hour

at 40°, unless when otherwise specified. It will be seen from tho

figures in Table I that the extraction is virtually at an equilibrium

after one hour's shaking.

Table I.—Influence of Time on Aqueous Extraction.

20 grams barley per £ litre water, constant agitation at 18°.

', Grams maltose per 1 gram barley
1 hour at 40°.

Extraction

»

>>

Barley

for 4
1

2

i

hour

a.

3-18

3-50

3-64

3-60

[ J.
j

5 07
6-44

] 6-50

0-50

If the conditions of dilution are departed from, quite different

results are obtained, as for insta nee:—

* The temperatures recorded in this paper tire on the Centigrade scale.

t Under theso conditions of action, glucose cannot bo detected in the starch

transformation products from aqueous extracts, or from others mentioned after

wards.
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Table II.—Influence of Dilution.

Extraction for 1 hour at 18° constant agitation.

Grams maltose per

1 gram barley.

20 grams por J litre 2*45

10 „ , 1-75

These variations are partly accounted for by the different concentra

tion of soluble substances, but the matter is in reality more complex.

When finely-ground barley is digested with water at 30°—35*

for some hours, at the same dilution, a considerable increase of

amylolytic activity can bo measured in the filtered extract. The values

obtained by this treatment we shall term " autodigestion activity."

In order to prevent development of micro-organisms during these

digestions it is essential to add an antiseptic which is without influence

on enzyme action, for this purpose we have found nitrobenzene

suitable; it is a fairly powerful antiseptic and under the conditions

in question does not destroy translocation amylase nor inhibit its.

action. However, in order to eliminate any chance of a specific

influence of this compound on our results, we have at times used other

antiseptics such as chloroform, toluene, and oil of cloves.* Chloroform

is liable to change and has other objections, toluene we have found

somewhat less reliable owing to its feebler antiseptic power, and oil of

cloves, though a powerful bactericide, possesses potential acid properties,,

which render it unsuitable for use under certain circumstances.

For the determination of the "autodigestion activity," our standard

conditions are as follows:—10 grams of the finely-ground grain are

digested with 250 c.c. of a saturated aqueous solution of nitrobenzene

(which must be chemicajly pure) for 20 hours at 30°. Twenty hours

is a convenient period, and with the concentrations mentioned is.

sufficiently long for the attainment of an equilibrium. The following

experiment with three barleys shows the influence of more protracted

digestion:—

* Tlio Oleum Carophylli. Aug. H.l\ is, wo havo found, more powerful than its,,

main constituents, eugenol or curyopliyllene, either singly or in admixture.
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Table III.—Influence of Time on " Aulodigestion Activity."

10 grams barley phis 250 c.c. nitrobenzene water at 30°.

I Grams of maltoso formed por

1 gram of hurley.

Uurloy No. 1
2

3

After 20 hoars.

I

7-08

It -10

11-34

After 40 hours.

8 00

8-06

11-52

In Table IV we give results of an experiment showing the rapid

increase of activity on aiitodigestion:—

TABLE IV. Grama iunlto.se per
1 gram hurley.

Aqueous extract, 1 hour at 18° C'6

Autodigcstion at 30°, 3 bourn 11*1

5 12-9
„ 20 , 13-6

In the following tabulation examples are given of the activities

obtained from various burleys by "aqueous extraction" and

" iiutodigestion ":—

Table V.—Amylolytie Activity of Barleys as determined by " Aqueous

Extraction " and "Aulodi>jestion."

Bnrlev No. 4

6

7

8

9

10

11

12

13

14

15

16

17
18

Grains of maltose ;

barley

" Aqueous cslrnotion."

8-H

6-8

8 0

7-0

U-5

0-8

0(1

3-1

6-0

5-3

4-4

8-H

2-8

14-7
4-0

mxluceil by 1 gram

(dry).

" Autortigestion."

17 0

12-1

12-5

16-0

19-3

14-8

11 0

0-0

15 1

14-3

10-1

15-0

4-7
15-4

11-4

Samples Nos. 4 to 11 inclusive ore varieties of Hordettm duliehon, the others

being of the hcxiustichon type.
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It will be noticed that there are very considerable differences between'

the values, and that certain barleys show a much greater disparity

than others.4 It seemed to us that these variations might be at least

partly due to the presence or absence of a protcolytic enzyme in the

barley, and that an obvious extension of these experiments would be to

make the digestion with the addition of a protcolytic ferment.

Accordingly experiments wore made with extracts of germinated seeds,

and also with the protcnlysts, bromelin, trypsin (animal) and papain.

By such treatment a greater diastatic activity is obtained than by

"autodigestion." Corrections must, of course, bo made for the action

of the contained amylase in the case of germinated seeds and trypsin.

The most satisfactory protease wo have so far employed is papnin, and

wo may mention that the preparations used were proved to be devoid

of amylolytic power, and did not develop any trace of such on

digestion with water, or with barley in which the ferments had been

destroyed by the method described by one of us {Analyst, 1904, 29,

277). Wo are fully aware of the dangers attending the use of impure

and probably mixed preparations of enzymes and have in consequence

assured ourselves in many ways that the specimens used could not of

themselves give rise to any amylo-hydrolytic ferment, and observations

of another nature, to bo recorded shortly, show that the greater

activity was not due to the possibility suggested. In carrying out the

experiments with pupain, controls were made in which the barley was

digested with boiled solutions of the ferment, such controls also

invariably gave a well-marked increase of amylase, though never so

great as that yielded by active papain. It was found on dialysing

boiled papain solutions that both dialysate and residue when digested

with barley increased the amount of amylaso in solution. The

dialysate mainly consisted of saline substances, so digestion of barley

with neutral salts was one evident sequel to this observation, and here

again it was found that such salts and substances as 6odium and

potassium chlorides, potassium sulphate, potassium di-hydrogen phos

phate, calcium sulphate, glycine, asparagine, and a-alanine brought

about an increase of activity. We have already shown (J. Soc. Chem.

Ind., 1904, 23, 414, and J. Ghem. Soc, 1906, 89, 76) that such sub

stances do not directly stimulate amylolytic activity, but we may

point out that the considerable increases observed under these

■ In these instances certain liistological differences were sometimes noted.

VOL. V.—1. F
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conditions are not due to specific augmentation of the activity of the

enzyme. Aqueous extracts of barleys, when digested with the sub

stances enumerated, do not show alterations in activity in any degree

comparable to those under consideration, but we shall hare occasion to

deal more fully with this point later. Such a common property of so

diverse substances is suggestive of solution of colloidal or occluded

amylase. These salt extracts also contain considerable amounts of

a globulin-like protein, this would appear to favour the conception of

occlusion, but whether in the grain the ferment is associated with

complex molecular protein groups, or merely occluded by them, is an

open quostion. Experimental results showing the nature of the

increases of activity observed are appended in Table YI.

Table VI.—Amylolytic Activity obtained by digesting Barleys with various

Substances.

Barley No

Aqueous oxtraction 1 hour

Digestion with water alone, 20 hours 80'

„ 1-por-cont. potassium chloride
„ „ „ di-hydrogen

phosphate

„ „ aspuragme

„ „ active popain

„ » boiled ,

„ saturated solution calcium sulphate

Grams maltose per 1 grain

barley.

19.

2-8

4-7

6 6

6-4

0-8

7O

20.

8-1

6 6

16-3

14 I

10 8

As it seemed desirable to ascertain the influence of varying amounts

of a salt on the apparent solubility of translocation amylaso, we made

the experiments recorded in Table VII. In these trials, in order to

avoid differences in individual corns, etc., a sample of barley was ground

and sieved through bolting silk, tho flour was then thoroughly mixed

in a small ball mill.
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Tahi.e VII.—"Solution " of " Translocalion Amylase" by Potassium

Chloride. .

Barley ground and sieved. Digested 20 hours at 30°. Antiseptic

nitrobenzene. 1 gram flour in each case plus 100 c.c. water.

Grams maltose per

1 gram flour.

Water alono 2*8

„ containing 0-25 gram, potass, chloride per 100 c.c.... 3-8

0-50 „ „ ... 42

100 „ „ ... 6-2

2-00 „ • „ ... 7-3

300 „ „ ... 7-6

5-00 „ „ ... 8-8

10-00 „ „ ... 7-6

15-00 „ „ ... 6-2

The flour digested with water alone, yielded salts to solution equal

to 0-016 gram per 100 c.c.

These results indicato that the influence of small amounts of salts

is very considerable. Indeed, it is probable that, but for the presence

of saline and other substances in the barley, the aqueous extract would

exhibit little activity. When entire barley corns are steeped in

running distilled water for 48 hours or so, then ground and extracted

as usual for one hour, a very considerable diminution of activity

appears to have taken place, this is not due to solution of the enzyme,

but to the diffusion away of salts and other substances* which help to

dissolve and protect the amylase during the extraction of the ground

grain. In support of this statement we detail an experiment in which

barley was first steeped for 20 hours in chloroform water, and then

washed for 24 hours in running distilled water.

Table VIII

Grains maltose per 1 gram barloy.

Original grain. Treated grain.

" Aqueous extraction " 5*04 | 1-90
"Papnin digestion" 10-38 j 19-17

1 I

* Mainly from the husks (see Table XIX, p. 40), and compare A. J. Brown,

Annals of Botany (1907, 21, 70), and this Journal, 1007,13, 658.

F 2
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Reductions also take place during ordinary " steeping," as has been

noticed by various workers; the explanation of this apparent full is

provided by the above comments and results.

Before dealing further with our subject, we may digress here to

discuss the bearing of these observations on the experiments made by

certain investigators as to the question of the vitality or otherwise of

tho endosperm of barley. Brown and Morris in their work on the

" Gramineje " concluded that the endosperm is " a dead store house of

reserve material." This view has been opposed by other investigators,

more particularly by Hansteen (Flora, 1894, 79, 419), and later by

D. Bruschi {Alii. 11. Acad. dei Lincei Roma, 1906, 15, 384). We have

been unable to refer to Hansteeu's original paper, but from the

abstracts we gather that one of the objections he raises to tho

experiments by Brown and Morris and others was that they did not

make adequate allowance for the removal of tho products of change

in their attempts to " germinate " or induce vital changes in the

dogortned endosperm. Brown and Escombe, in a later paper, "On

tho Depletion of tho Endosperm of Hordeum vulgare " (Proc. Hoy. Soc,

1898, 63, 3), in which they somewhat modify tho views expressed by

Brown and Morris (for. dt.), maintain that the method previously used,

namely, placing the degermed corns in small holes in a mica raft,

which is then floated on water, provides more fully for the attainment

of tho conditions desiderated by Hanstcen than his own method,

which consisted in affixing the endosperms to small columns of plaster

of pans, which were then placed in water. In the light of our

observations it is not surprising that these workors came to different

conclusions as regards the cytological and other changes produced

by such " water culture." In Brown and Escombo's experiments the

conditions were so arranged as to permit of free diffusion of

" crystalloids" from the endosperm, with the result that the " trans-

location ferments" would be converted into the insoluble condition.

In Hansteen'a experiments, and also Bruschi's, the use of plaster of

pans columns amounted to keeping the endosperms in contact with

a saturated solution of calcium sulphate, which would diffuse into

the endosperm, greatly increasing tho amount of active enzyme.

Bruschi found, on adding the ground endosperms to starch before

and after the calcium sulphate solution culture, that there was a

marked increase of enzyme after culture, the formation of which was
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attributed to metabolic changes in the cndosporm. Apart entirely

from the question of whether vital changes do or do not take place

under these conditions, it is obvious that such increase of soluble

enzyme is no proof that they do. Further, with such a marked

increase of soluble enzyme, it is easy to imagine that the concurrent

cytological changes observed may be to a great extent due simply

to enhanced enzymic activity. It is manifest from these comments

that the solution of this problem is beset with hitherto unsuspected

difficulties so far as bio-chemical methods are concerned. As regards

puroly botanical methods, the practical impossibility of preventing

the intrusion of micro-organisms into the tissues renders tho decision

as to vitality or otherwise somewhat uncertain.

To return again to the presence of the latent or insoluble amylase

in the endosperm of barlej', wo have shown in Table VII that

digestion with 5-per-cent. potassium chloride gives an extract with

fully three times as much amylase in solution ns simple digestion with

water. The same barley flour, when proteolysed with papain, gave

n maltose production of 13 grams as against 8*8 with the potassium

salt and 2*8 with water. This difference of value does not seem to

result from destruction of enzyme by the suit, as such solutions

may bo further digested without loss of activity. Probably some

destruction docs occur, but, disregarding this possibility, it may be

assumed that the greater amylolytic activity obtained by the action

of papain is due, so far as the active proteolyst is concerned, to the

hydrolysis and solution of another protein by this enzyme—a protein

which is not dissolved by tho salt solution. When we deal more

fully with the actual significance of the papain values, it will bo shown

by a comparison of the amylolytic activities obtained by tho use of

active and passive papain solutions, that, though this assumption is

true to a limited extent, tho main function of papain in causing an

increase of activity is other than that of liberating occluded enzyme.

We may here, conveniently consider tho quantitative nature of the

increases obtained by papain proteolysis, and also some of the con

ditions to be observed in its employment. The papain or papayotin

of commerce is prepared from the juice of Carka papaya; its properties

and nature have been fairly fully described by several authors, notably

Wurtz (Compt. rend., 1879, 89, 425); Neumeistor {Zeits. /. Bid., 1890,

26, 57); Mendel (Amer. J. Mat. Sc, 1902, 124, 310); Vines (Annals
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of Botany, 1903, 17, 237, 597; 1904, 18, 289). The use of enzymes

as reagents is not the most desirable of chemical methods of investiga

tion, more particularly in our present state of ignorance as to their

nature and action, but it is obvious that within limitations their

employment is advantageous, provided we are able to carry out

reliable controls. In connection with the application which we make

of papain, we have to satisfy ourselves that the preparation does not

inhibit amylolytic action specifically or indirectly. This we can say

with assurance as regards the various specimens wo have procured.

Digestion of barley extracts with papain under the conditions of our

experiments has seldom any influence on their amylolytic activity.

This statement, it will be observed, is a qualified one: for we have

at times obtained augmented actions in presence of pipain, though

never of the magnitude of the increases in question. This point will

be discussed later. We have already pointed out that papnin of itself

cannot give rise to an amylohydrolyst. Having proved that a

preparation fulfils these requirements, it is then necessary to determine

the proportion which should be employed so as to obtain concordant

results under definite methods of digestion. With the preparations

wo use, these conditions are as follows :—Ten grams of finely ground

barley are digested with 250 c.c. of a saturated aqueous solution

of nitrobenzene, containing 2*5 grams papain, for 20 hours at 30°.

The solution is then cooled and filtered, and the amylolytic activity

estimated as usual with soluble starch at 40° for one hour.* To

determino tho optimum amount of a preparation of papiin to employ,

under the limits of dilution, time, and temperature specified, we carry

out a trial such as is indicated in Table IX.

Table IX.—Influence of Amount of J'apain on liberation of

Amyhhydrolyst.

10 grams barley flour, 250 c.c. nitrobenzene water, 20 hours at 30°.

Grains maltose per

1 grain flour.

Plus 0-2 gram papain per 100 c.e 10*71

„ 0-5 „ 1099

» 1-0 „ „ 1050

„ 1-5 „ , 924

* All the result? in this paper are corrected, when necessary, for tho influence of

any added substance on the copper reduction determination.
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With the proportions mentioned, 20 hours is a convenient time

for the proteulysis, which is practically at an equilibrium, as another

20 hours' digestion shows in the case of three barleys as undor:—

Table X.—Influence of Time on Papain Value.

10 grams barley, 250 c.c. nitrobenzene water, 2-5 grams papain at 30°.

Barley No. 21

„ 22

„ 23

Grams maltose per 1 gram bnrley.

20 bourn.

15-80

14-28

17-08

40 hours.

16-00

14-40

18-04

The conditions we havo selected are capable of yielding concordant

results. It is obvious, howevor, that the values obtained include that

due to the solvent action of salts and organic substances both in the

grain and in the papain, as well as that due to the action of the

proteolyst in the papain and its products, and in certain cases that due

to proteolysts in the barley itself.

The results given so far, certainly tend to favour the view that the

observed increases of amylolytic activity aro due to solution of an

insoluble and partially occluded enzyme. It seemed desirable, how

ever, to obtain some direct proof of concurrent increaso of soluble

nitrogen and amylolytic activity, and with this object in viow the

experiments recorded in Table XI were made with two barleys.

Table XI.—Increase of Amylolytk Activity and Concurrent Solution of

Protein in Digestion of Barley under certain conditions.

Methods as usual, but toluene used as antiseptic.

Aqueous extraction
Autoiligestion

Active papain

Passive „

Barley A.

" Activity."

3-54

8-54

13-30

0-52

" Nitrogen."

1-82

2-64

6-27

2-65

Barley B.

"Activity."

8-01

6-00

14-84

12-93

" Nitrogen."

1-24

2-68

6-S6

2 00

Tho " Activity " refers to grains maltose per 1 gram bnrley, 1 hour at 40°.

" Nitrogen " equals milligrams N dissolved per 1 gram barley under treatment

specified.

Tho Total N in Hurley A = 10 70 milligrams, in Barley B = 12-84 milligr.tms per

1 gram.
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An inspection of these results shows that solution of protein

substance is not the only cause of increase of tho amylolytic activity.

A boiled solution of papain is also capable of producing an increased

activity, and that without corresponding solution of nitrogen. We

have, therefore, to seek some additional explanation. It seemed

possible that in the barley an anti-ferment might be present, which,

dissolving along with the anvylase, would inhibit its action, and

that the proteins present in the p;ip;iin were able to nullify this

effect. To test this view experiments were carried out with extracts

obtained by various solvents, the activity of tho solutions being

determined with and without addition of papaiu. In certain cases

slight increments of activity were observed, but in no case did

these correspond with the results obtained under our ordinary con

ditions of digestion in presence of the solid barley. A much more

prolktble explanation and one more in consonance with the results of

attempts which we have made to separate the amyUse, and with the

influence of dilution on aqueous extraction, was that the amphotoric

proteins in the papain prevent the destruction of amylase which takes

place under other conditions of extraction. Barley amylase is extremely

sensitive to external influences, and tho equilibrium of an aqueous extract

of barley as regards its degree of neutrality is somewhat unstable : it

contains few amphotoric bodies, so that hydrolytic dissociation is likely

to give rise cither to excess of hydrogen or hydroxyl ions, consequently,

on digestion, considerable destruction of enzyme may take place. The

addition of boiled or active papain, quite apart from any solvent action,

amounts to the adjustment of neutrality as the proteoses in the papain

preparations are bodies with pronounced amphoteric properties (see

Cohnheim, Zciis. f. liiol., 1896, 33, 489; Bugarszky and Liebermann,

Pjliiger's Arch. f. d. ges. 1'hijsiuL, 1898, 72, 51), forming even more

stable salts than amiuoacids, which, we have shown elsewhere, have a

protective influence on amylase. This function of papain, when employed

as we have described, is of oven more importance than its proteolytic

action, though there is little doubt that the active protcolyst liberates

some occluded enzyme from the proteins which it hydrolyses. In connec

tion with this it is to be observed that only about one-half of the total

nitrogen is rendered soluble under those conditions, the question there

fore arises, would solution of the other portion set free more amylase ?

This, though wo have some evidence to tho negative, may be left an open

question.
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We have shown in an earlier part of this paper, that solution of the

•enzyme is apparently greatly augmented by the addition of small

amounts of certain organic and inorganic bodies, we also stilted that the

residue from the dialysis of boiled papain preparations had a like effect,

how far the increase is due to direct solution of amylase, to its pro

tection by the added substance in the case of papain and amino-acids,

to solution of amphoteric proteins by the salts, to decomposition of an

inactive molecular complex, or to other causes, is not easy to determine,

owing to the difficulty of devising experiments which are not open to

some objection. It must also be remembered that individual barleys

exhibit considerable differences in behaviour when examined by those

methods. We describe here certain attempts we have made to elucidate

the nature of the phenomena in question.

An aqueous extract of barley was prepared (one hour's extraction),

this with ordinary soluble starch gave 4"83, with starch con

taining 5 c.c. of a boiled 1-per-cent. solution of papain per 70 c.c.

5*35, and with starch containing (H gram potassium di-hydrogen

phosphate 5*40 grams maltose. An extract prepared by autodigestion

at 30° for three hours gave with ordinary starch solution a value of

5-Qi, with starch containing O'l gram glycine 6*44, and with Btarch

containing 0#l gram (boiled) papain 6'79. With another barley

Jiutoiligested as above, the extract diluted to two volumes with water

.gave 7'80, diluted to two volumes with 2-per-cent. boiled papain

solution the valuo was 9'52. The extract diluted with water

showed one-half the value of the undiluted extract. A barley which

showed an " aqueous extract" value of 4-83 gave, when extracted with

5-per-cent. boiled papain solution under the same conditions of dilution

and time, 6*72 grams maltose. Extracts from ordinary 20 hours' "auto-

digestion " do not show such increases in presence of papain. In connec

tion with this matter we have already stated that aqueous extracts

of barleys do not alter to any appreciable extent when digested for

20 hours at 30'. When " autodigestions" are prolonged beyond the

usual period, a decrease in the activity is frequently observed. It is

difficult to evolve a consistent explanation for these observations,

though various specious guesses may be made. For example, if wo

assume that a certain amount of inhibition or partial destruction

of amylase has taken place during extraction, say, owing to the

presenco of a slight preponderance of hydroxyl ions in the barley
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plus water mixture, then on filtering we have in solution a certain

amount of active amylasc and a fractional part of cnzymo in a

partially destroyed or inactive state. It has been shown by one of

us (J. Soc. diem. Ind,, 1904,23, 421), that if inhibition due to hydroxyl

ions bo not too prolonged, it is possible to restore a considerable

proportion of the activity by adding hydrogen ions in sufficient amount

(as KHoPOj); these react with the hydroxyl ions attached to the

enzyme forming neutral water, setting the colloid free, if wo may use

this expression, in an activo form. In the experiments referred to, tho

hydroxyl ions were derived from a 02-per-cent. solution of potassium

cyanide, so that, in reality, the enzyme was exposed to the continuous

influence of excess of free hydroxyl ions resulting from the hydrolytic

dissociation of this salt. In the case of the barley extracts in question,

the amylasc in solution is only subject after filtration to tho influence

of any hydroxidion which is already united to it, or which is present

in the solution at the moment of filtration. There is thus not the

same reason to expect continuous destruction, and this is borne out by

the fact that a barley extract, one of those quoted, which gave a value,

with papain in the starch, of 6'79 when tested immediately on filtration,

showed practically tho samo value (6"51) when tested 24 hours after

wards. This assumption thus fits in fairly well with the experimental

data, but such agreement docs not exclude tho possibility of the increaso

being due to the final transformation of a remnant of dissolved

inactive enzyme (a zymogen proper) into tho active' form. Certainly

the aqueous solution, on standing, does not increase in activity if no

amphotcric substance is added, but this might possibly be due to an

equilibrium having been established, if that were so, it might be

imagined that simple dilution would produce an alteration in the

activity, such, however, is not the case. We may also hazard another

plausible guess as to the explanation:—We may conceive that during

tho solution (by " aqueous extraction " or limited autodigestions), that,

on the whole, there tends to be an accumulation of a slight excess of

electro-negative hydroxyl ions. If the amount of these be insufficient

to unite completely with all the electropositive ions of tho colloid

(enzyme), then precipitation does not take place, but tho colloid

aggregates may thus rearrange themselves into larger aggregates, with

resultant diminution of osmotic pressure and consequent lowering of

the amylolytic activity. The addition of a further amount of hydrogen
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ions in the boiled papain, bringing about a more complete dissociation

of colloid into smaller aggregates—in other words, into more complete

solution—might result in a mensurable increase of tho activity of the

enzyme. Extension of this work will, no doubt, throw further light

on tho nature of the problem.

It is thus prolwible that the "aqueous extraction" and "auto-

digestion" values are really the algobraic sum of solution and

destruction of the enzyme under tho conditions selected, and are not

so much a measure of tho amylase as they are of other substances in

tho barley. Be that as it may, they represent or measure certain

differences, which fact gives them some title for consideration.

In Tablo XII we enumerate results of the examination of various

barleys by the three processos described. It will bo noted that very

considerable variations are brought into evidence by this method of

comparison. These " amylaao values," in conjunction with other

analytical data, are indicative, to some extent, of tho behaviour of a

barley on the malting floor, but the development and application of

this aspect of the subject we leave to those interested in it.

Table XII.—Amylolytic Activities of various Barleys, us estimated by the

Methods described.

Hurley (ilistielion) No. 24

•i »

» >

*i

n i

i> t

tt i

i»

ii »

„ (hcxnst

» i

i* i

ehon) ,

ii n i

ii li I

, 25

• 26

. 27

• 28

• 29

, 30

, 31

■ 32
, 33

, 34

, 35

, 36

, 37
■ 38

Grams maltose

" Aqueous

eitruct."

3-1

5-0

7 3

0-3

7-0

G-5

5-9

3-1

8-5

3-5

2 8

3-7

3-9

14-7

2-6

per 1 gram dry burlcy,

" Autodigcstion."

(1-0

10 -0

12 4

14 0

15 0

11-5

11 -8

8-4

8-0

7 0

4-7

8-8

11-4

15-4

8-0

1 hour nt 40'.

Fnpnin value."

10-3

15-4

19-6

21-3

20 6

10-5

19-4

16-7

28-8

19-4-

14-6

17-7

80-0

31-4

12-7

A comparison may conveniently be given here of the relation of

our units of activity to the conventional Lintnor'a scale: an aqueous.
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extract of a malt, showing a D.P. Lintncr of 50°, produces, under our

conditions, 11*2 grams maltose per 1 gram malt. From these data a

conception may bo formed as to tho very largo amount of latent

amylohydrolyst in resting lwrley. The significance of this, as

modifying the existing view of the genesis of amylases, will be fully

examined in a succeeding part of this communication.

We have so far refrained from using tho term zymogon in connec

tion with tho insoluble amylase, which we have shown to be so

abundantly present in resting barley. Our reason for this is that

the term is sometimes employed to designate an inactive form of

enzyme, that is to say, a formont which can exist in solution, but

which requires the addition of another enzyme or substance to render

it active.

We have been unable to develop any considerable increase of

activity in extracts of barleys made in various ways, but are not,

however, prepared to deny the possibility of the existence of an

inactive solublo variety of translocation amylase, a zymogen proper.

Such a body is necessary to account for the so-called auto-excitation

of malt and barley extracts recorded by tho workers of the French

school, unless wo assume that the increased activities they obtain,

by the addition of small amounts of acid or other treatment, are due

to a different cause. Of course, our own results show that if small

enough amounts of acids arc added to tho actual macerations of

barley and water, and these are then allowed to stand for some time

before filtration, a very considerable increase of soluble enzyme may

ensue. Barley contains potential basic compounds, and the addition

of acid is thus tantamount to increase of tho salt concentration, which,

wo have shown, gives rise to marked increase of activity. In this

connection wo may point out the significance of our results as regards

the experiments of Keychler (Ber., 1889, 22, 414) in the preparation

of his so-called "artificial diastase." This author found that by

digesting wheat gluten, freshly prepared, with very dilute acids and

salts, he obtained solutions which exhibited considerable amylolytic

power, he also showed that an extract from barley, made by

digestion with extremely dilute acids, was more powerfully fermenta

tive than a similar aqueous extract. Keychler attributed thoso

phenomena to a production of ferment from the protein by tho action

of the acid, and suggests that during germination the observed
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increase of enzyme may be brought about by similar reactions

occurring in the growing seed. Egoroff (./. Jtuns. C'hem. Soc., 1893,

25, 83) and Lubain (ibid., 25, 86) contradict Iieychler's statement,

but it is easy to see that their failure to obtain an active enzyme was

either duo to difference in tho method of preparing the gluten, or

to the use of an excessive amount of acid. Rcychler's conditions

were so arranged that his acid was completely neutralised in the

manner we have suggested.

In another paper, to bo read before tho Society of Chemical

Industry at an early date, wo deul fully witli the amounts of " soluble

and insoluble " amylolytic enzymes of wheat flours and their relation

ship to " baking value "; theso flours, as a rule, yield little amylasc to

solution on aqueous extraction, though the amount present in the

" insoluble condition" is very considerable. This explains why

" flour dressing " is so effective in promoting attenuation, oven when

the flour used has apparently only slight amylolytic power as deter

mined by aqueous extraction.

Distribution of the Translation Amylase in Barley Corns.

By far tho greater part of the amylasc obtained by treatment of

barley with active papain is derived from tho endosperm: the embryos

contain a quito insignificant quantity. If barley corns are divided

into equal portions by cutting transversely, it is found that the

distribution of amylase is approximately the same.

Table XIII.—Distribution of Amylase in Barley Corns.

Amylase liberated by papain treatment.

Barley No

Embryo ends

Other portion

Entire corns

Grams inaUoso per 1 gram.

30.

28 0

24 1

23-0

40.

20 1

10 0

10-8

41.»

14-7

13-3

14 4

* Dcbusked nod degcrmed endosperms.

These results do not accord with tho observations of Brown and

Morris (loc. cil., p. 507), who state there is a much larger proportion
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of enzyme in the proximal than in the distal portion of the endosperm.

The distribution, though approximately the same when the endosperm

is divided transversely into proximal and distal halros, is not,

however, equal throughout the endosperm, the concentration boing

much greater in the peripheral zones. A largo number of corns of

unsteeped barley (Californian) were dehusked and degermed: the

-endosperms were then dissected into outer zone (spermoderm, aleurone

layer, and peripheral amyliferous tissue) and interior portion of

.amyliferous tissue. The outer zone amounted to 43 per cent, of the

weight of the entire endosperm. These portions, and also an equal

weight of entire endosperms when treated with papain as usual, gave

the following results:—

Table XIV.—Distribution of Amylose in Endosperms.

Maltose per 1 gram

of each part.

Peripheral zone 22*0

Interior portion 8-2

Entire endosperm 14*4

The above results show fairly conclusively that whilst tho enzyme

apparently permeates the entire amyliferous tissue, by far the greater

concentration is in the peripheral zone and alcurone layer. In con

nection with this experiment, we may mention that the husks of this

barley (amounting to 13 per cent, by weight) showed, when treated

with papain, a feeble amylolytic power. The embryos, when tested in

the same manner, gave a "papain value" of 0*25 gram maltose

per 1 gram embryos.

In a paper on " Malt Analysis," already alluded to, we demonstrated

that it was unnecessary to filter extractions of kiln dried mult before

measuring the solution to bo added to the starch, provided some short

time of subsidence was allowed. In the case of barley extractions it

is otherwise, as the susponded particles are permeated with the

insoluble amylase, consequently, if these are added to the soluble

starch, the different conditions of dilution, presence of salts and soluble

matters, increase the amount of active enzyme. An example of the

effect of non-filtration is as under:—
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Tahi.k XV.—Influence of Solid Substance in Suspension.

20 grams barley extracted with i litre of water, 1 hour.

Qrams maltose per

1 Rr.»m barley.

Aqueous extraction, shaken and not filtered before

measuring 4'3

Allowed to settle 2i hours, supernatant portion unfiltered 21

Shaken and filtered at end of extraction 1-9

It has long been known to biologists that enzyme-containing tissues

are, as a rule, much moro active than their extracts. Brown and

Morris, in their memoir " On Foliage Leaves" (toe. cit.), acting on

this knowledge, made their amylolytic activity estimations by adding

the finely-powdered leaf substance directly to the starch solutions.

They attribute the low activity of aqueous extracts to the influence

of tannin present in the leaves preventing proper solution of the

enzyme. As the amount of tannin present in barleys could not be

expected to affect the solubility of the translocation amyloso, it is

easy to comprehend how these authors, attributing this difibronco

to the influence of tannin, have not recognised the bearing this

observation—of the greater activity of the solid substance—might

hiivo on their previous work on tho Graminose. The experiments

we record below demonstrate that the solid substance of barley is

also much more active than its aqueous extract, for reasons other than

the presence of tannjn. In carrying out determinations of the activity

of solid barley, in order to avoid the employment of inconveniently

large volumes of starch solution, it is necessary to weigh out rather

small portions of the ground grain, therefore, to ensure uniformity,

i.e., proper proportionality of husk and flour, we have in certain

comparisons used sifted barley flour, and in others the entire ground

grain. In general, 0#25 to 0-30 gram of barley per £ litre of soluble

starch has been employod. In the case of the barley used for tho

experiments in Table XV, the solid substance (entire grain) produced,

under these conditions, 8*8 grams maltose per 1 gram in ono hour at

40°. That the greater activity obtained by using the solid substance

is partly due to the solvent effect of the substances in tho soluble

starch is shown by various results, some of which we give below.

A Californian barley was crushed and sieved through " bolting
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silk," and the Hour so obtained mixed in a ball mill and tested as

follows :—

Tam,K XVI.—Activity of Barley Flour under varying conditions..

Starch hydrolysis 1 hour, 40°.

Groins maltose per

1 gram flour.

0'2 gram flour to A litre 2-per-cent. starch 7-2

0*4 „ 4 „ „ „ G-5

0-4 „ 1 „ 1 „ 6-0

0'4 „ digested 1 hour with 10 c.c. water

before adding to A litre 2-per-cent.

starch 69

Aqueous extract of 0-4 gram flour to A litre 2-per-cent.

starch 0"8

" Autodigestion value" (standard conditions) 7*4

"Papain value " (standard conditions) 116

A further experiment with a different barley was as follows.

A solution of 2-par-cent. soluble starch was prepared and divided

into two portions, to the one (A) no addition was made, to the other

(B) 5 grams pure sodium chloride per litre was added. The natural

salts in A amounted to about 003 gram per litre. The barley used

yielded 0'002 gram of salts to the solution.

Tahle XVII.—Activity of Barley Flour under varying conditions.

Starch hydrolysis 1 hour, 30°.

0-3 gram flour per J litre starch

Aqueous extract of 0'3 gram flour per I litre

Ornins maltose per 1 gram flour.

A. B.

2-8 3-3

1-3 1-3

It appears from these results that tho salt content of the starch

has an influence on the action of tho solid barley, at the same time

they neither prove nor disprove the possibility of hydrolytic action

being caused to some extent by the insoluble enzyme. The experi-
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merits also suggest other speculations, into a discussion of which wo

arc unable to enter at present.

The distribution of soluble salts in the barley corn is irregular, tho

utnylifcrous portion of the endosperm containing much less than the

husk or embryo. We ascertained this by dividing a large number of

barloy corns into husks, endosperms, and embryos, equal weights of

these parts wore digested with water and the salts in solution woro

then estimated by the electrical conductivity of the solutions. Tho

relativo amounts of soluble salts in equal weights of these parts

were :—Endosperm 1, embryo 4, and husks 3. Tho endosperms included

the aleurone layer. The concentration in the peripheral zones of the

endosperm is about twice as great as that of tho core. The proportion

of husk in this barley was 13 per cent., embryos 2"5 par cent. It may

be pointed out here, that apart from the actual amount in the different

parts, that tho salts are also dissimilar. In very many barleys tho

husks show a distinctly alkaline reaction to such a colour indicator as

rosolic acid. Tho reactions of tho embryos and endosperms tond

towards faint acidity to the same indicator. In connection with tho

influonco of salts, etc., on tho extraction, the following experiments nro

not without interest:—

Table XVIII.—Influence of Embryos on Aqueous Extraction.

Grams maltose per

1 gram endosperm.

Endosperms without embryos 249

„ with embryos 285

Endosperm extract plus embryo extract 254

Table XIX.—Influence of Hush on Aqueous ExlradionJ.

drams maltose.

I
Per 100

endosperms.

Per

1 gram.

Endosperms without husks 2 "24

Kndoeperms with husVs ' 4*29

O-GS

1*30

The endosperm extract contained 29 milligrams snlts, and the endosperm with

husks 63 milligrams salts per 100 c.c.

VOL. V.— 1. Q
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It occurred to us at one time that the lower activity o! the aqueous'

extract, compared with that of the solid barley substance, might be at

least partly due to adsorption of the enzyme by the suspended starch

and tissue during extraction. To find if solid starch would adsorb

enzyme, an aqueous extract of barley was prepared and filtered

brilliant, portions of the extract were shaken with potato and barloy

starch (10 grams per 100 cc. extract) occasionally for 1 hour, the

solutions were then filtered and compared with the original extract'

untreated. The results are shown below :—

Table XX.—Adsorption of Tramlocation Amylase by Solid Slareh.

Grains mnltoso per

1 gram barley.

Untreated filtered extract 5*38

Extract and barley starch &-86

„ potato starch 4'76

In view of the large quantity of the starches used in each case, their

freedom from even traces of inhibiting impurity is of the utmost

importance. This was proved by gelatinising the starches, liquefying

with a trace of malt umylasc, and using the soluble starches so obtained-

for determining the diastatic activity of the untreated extract. The

values obtained were the same as those given by the soluble starch

nsed above.

In concluding this part of our communication, we purpose giving

some brief details of isolated observations which are of interest, not

only in themselves, but also as regards the additional justification they

supply in support of the principal inference wo draw from the investi

gations recorded hero, namely, that the determination of the actual

proportion of amylase present in a barley com or its structural parts is

a much more difficult problem than has been realised hitherto by

biologists. No indication of the actual amount of amylase present in

barley is given by ordinary aqueous extraction, nor is it possible by

such extraction to ascertain the relative amounts of amylaso present in

separated structural parts of the grain. When the entire seed is ground

up and extracted, and the cell contents thus mixed, the ainylolytic

activity observed is unquestionably not a true measure of the amount

of ferment present, the value obtained being simply the resulting

balance of limited solution and destruction. Extraction by digestion
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with papain preparations in excess improves matters, as the proteases

so mldcd, to a great extent prevent tho destruction und facilitate the

solution or liberation of active ferment. It is questionable, however,

how far the value so obtained is a correct index of the ntnount of

amyluse actually present in the grain in a latent or an active condition.

A barley digested first with passive and then with active papain does

not yield the same " activity " as when diroctly treated with the active-

protcolyst. A sample which gave a papain value equal to T3'3 gram*

maltoso was digested with boiled papain for 5J0 hours; the activity

found was 9*3 grams maltose, this portion was then filtered and

washed with the passive fermont solution, and the insoluble residue-

then treated for other 20 hours with active papain, the additional

activity so obtained equalled 2#1 grams maltose per 1 gram barley, a

total of 11*4, as against 13*3 obtained by direct treatment Similarly,

if a barley bo first " autodigested " and then treated with activo papain,

the " activity " is found to bo much lower than that given by direct

proteolysis. The actual results of such an experiment were 10*4 and

14*6 grams maltose per 1 gram barley. Even a short aqueous extrac

tion destroys some amylase: a barley which gave a papain value of

14*7 was extracted with water under the usual conditions, the activity

of the solution so obtained corresponded to 2"6, the insoluble residue was

sucked dry and then digested with active papain, the "activity" result

ing was 4'8, so that a loss of about one-half was caused by tho treatment.

The action of water at higher temperatures, as might be expected,

causes rapid destmction. Portions of a barley of "papain value"

equal to 19-3 were digested with water, at the usual dilution, for 1 hour

at 53°, 20 minutes at G0°, and 10 minutes at 70°, then cooled at once

to 30", and activo papain added, tho resulting "activities" of these

portions in the order given were 8*5,1G, 0*9 grams maltose per 1 gram

barley. As it seemed possible there might bo a certain amount of

destruction of onzytno taking place during tho hydrolysis of tho starch

for 1 hour at 40°, a velocity experiment was carried out, in which tho

starch solution contained 1 gram of boiled papain per 100 c.c. No

difference in the character of the velocity curve was observed, the rate

of change following Kjcldnhl's law. Probably the enzyme, when united

to tho hydrolyte, is less susceptible to destructive influences. In regard

to "autodigestions," we have shown that thero is a distinct increase in

the amount of soluble nitrogen compared with that present in an

r. 2
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"aqueous extract," this may be due partly to gradual dissolution,

partly to the presence of a proteolyst in the barley, and partly also to

indirect influence of the increase of electrolytes which concurrently

takes place. The amount of salts in the case of two barleys may be

recorded: the aqueous extracts contained 28 and 30, and the auto-

digestions 42 and 46, milligrams per 100 c.c. respectively. TJieso

sales are probably derived from the hydrolysis of nucleo-proteins, or

mmilar organic combinations, ns has been shown by AVindisch and

Vogelsang (Ifbdtenseh. lirnu., 190C, 23, 516, 556).

We have made a few experiments to ascertain if the amylolytic

activity is associated with certain of the better defined proteins of

barley. Hordein in a crude state was prepared by extracting ground

barley with 75-per-ccnt. alcohol, the filtrate being precipitated with

.absolute alcohol and ether. The crude proteVu so obtained was treated

with active papain, no amylolytic activity could be observed. The

residue from the alcohol extraction, when digested with active papain,

gave a value of 108, that of the original barley was 193. No active

enzyme was present in the alcoholic solution, so that considerable

destruction of amylaso had taken place. Various other experiments

were tried with alcohols of decreasing strengths, the results were

unsatisfactory, the destruction of enzyme increasing with diminution of

-alcoholic content.

Edestin was prepared from barley by extraction with 10-per-cent.

sodium chloride and precipitation of the solution by ammonium

sulphate. The precipitate was redissolvcd in 10-pcr-cent. sodium

chlorido and dialysed for some days against distilled water, the

separated edestin was filtered off, redissolved in salt and again dialysed,

so as to get rid of traces of soluble amylaso. This edestin, when

dissolved in a minimum of salt solution, was divided into two portions:

one was. treated with active papain and the other tested directly, in

neither case was any amylolytic activity noticeable. The first filtrate

from the edestin (dialysis residue) was precipitated with 70-per-cont.

Alcohol, the crude translocation amylase eo obtained was soluble in

water and very active. After being kept for a few days in the dry

condition it was no longer soluble in water, but dissolved readily in

presenco of salts giving an active solution. The barley residue from

the sodium chloride solution showed a strong amylo-hydrolytic power

when treated with papain.
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The more violent chemical methods of differentiation of proteins arc

obviously not applicable in this connection.

So far us our results go, they indicato that the highor amylolytic

activity, obtainod by treatment with papain, is due to liberation and

solution of the colloidal ferment and to its protection from destruction.

It seems probable that, during maturation, the amylase which functioned

in the forming grain, becomes associated with other protein molecules,

forming an insolublo complex. When the resting grain is ground up

and treated with saline or other solutions, this complex protein group

decomposes or dissociates to some extent, the active amylase being

liberated, if, however, no ampholytes, or an insufficient amount of such

protecting bodies, arc present, the enzyme is gradually destroyed to

a degree dependent on tho hydrion or hydroxidion concentration of tho

medium and tho duration of exposure. The nmphotcric proteoscs

added coincidently with the papain (and produced by tho protease)

suppress departure from neutrality, which would otherwise result from

the hydrolytic dissociation of compounds present in tho barley, and so

conserve tho activity of tho dissolved nmylase. This protective

property is also oxhibited in varying degrco by other ampholytes than

those mentioned hero.

We havo now dealt somewhat fully with the conditions affecting tho

extraction of the amylase of barley. Whether the " translocation

amylaso " obtained by the various methods of extraction consists of one,

or moro than one, amyloiylic enzyme, must bo left for future

consideration.

Discussion.

The riiESlDENT commented on the groat interest and value of the

paper, and ho congratulated the Section on having two Members who-

could communicate such a paper. He hoped that this was not the

last contribution on the subject from the authors, and ho felt that,

liko himself, it must have been extremly difficult for those present

to havo followed tho paper. The paper had within it tho germs of

much that might mako for tho future bio-chemistry of the industry

•with which they were so closely connected.

Mr. UitQUHAirr said ho should like to know what relation the

paper had to practical brewing. It would enable them, ho thought, ta

follow tho matter better if tho authors gave the names of tho different
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classes of_ barleys, and stated whether they were home-grown or

foreign barleys. He also asked if the authors had made any experi

ments on the'cause of the amount of tannin in the husks, as affecting

. the rate of absorption of water in the steep.

Mr. REID asked what comparative value could be ascribed to the

diastase of a barley, and to the malt made from it.

The President said he would also like to know what kind of

barleys the authors had worked upon. He took it that they were

rather leading to broad conclusions than to any specific conclusions,

and in this respect the paper would compare with the results that hnd

been given hitherto and which the authors controverted in many

important particulars. He would also like to arrive at some decision

as to the influence which they found to be exercised by various

steeping waters on tho amylolytic activities and the effect of kilning

temperature and its duration, also how the activity is influenced by

the growth of the embryo.

Mr. Ford, in reply to Mr. Urquhart's question, said that he and

Mr. Guthrie had debated the point of introducing the names of the

different barleys tested and had decided not to do so, mainly for the

reason mentioned by the Chairman. No doubt thereby a great deal

of the apparent practical utility of the paper was sacrificed, but

they would be only too pleased to supply the names to anyone

interested, or if it were thought advisable such might be inserted as

ari appendix. With regard to tho tannin in the husk, they had not

gone into this side issue because it did not affect the points in

question; they wore only dealing with the amylase, and so far as the

tannin in the barley was concerned it had practically no influence.

As regards Mr. Reid's question, Mr. Ford thought a perusal of the

paper and a few experiments might give him the information he

desired. Dealing with the questions of the President, Mr. Ford

thought one question was really pretty much what Mr. Urquhart

asked, the activities of different kinds of barleys. Of course the

same answer could be given to that question. With reference to the

influence of the salts in waters on the steep, that point had not been

dealt with at all. As a matter of fact, it was impossible for them to

follow out all' the side issues of this investigation. As regards the

influences of temperature on kilning and other points in connection

with germination, Mr. Ford said these did not arise out of tho paper
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and must be left to future investigation. The next paper would bo

more directly concerned with the changes in germination if the

authors could settle some other points with regard to the resting

barley. _......

The President then proposed a hearty vote of thanks to Messrs.

Ford and Guthrio, which'was carried unanimously.


